We need to look further than the larynx and further than the respiratory tract. Stridor is a noise and a symptom: it is not a diagnosis. The correct diagnosis of the cause is more likely to be made if there is a combined approach by laryngologist and pediatrician.
Non-inflammatory Causes I do not discuss here the acute inflammatory disorders in which stridor, associated with hoarseness and a resonant brassy cough, is part of a 'croup'; however, inflammation in the upper respiratory tract which is transient may initiate a stridor that persists (about a quarter of infantile cas'es start with snuffles, which itself may soon clear up); an infant with laryngeal stridor who gets a superimposed respiratory infection may die because ofthe additional impairment ofthe airway.
The respiratory tract: Mr Pracy has discussed disorders of the upper respiratory tract and, from his admirably exact investigations, it is clear that previous assessments of the laryngeal and neighbouring anomalies causing stridor now need modifying. My main concern here is with the quite common cases of stridor in which the larynx and epiglottis are normal. Among the upper respiratory causes are infantile anomalies not infrequently seen by pediatricians: underdevelopment of the lower jaw, macroglossia (which may be an early indication of cretinism) and (rarely) thyroid enlargement. In the lower respiratory tract, pulmonary collapse, mediastinal tumours (but not the thymus) and arterial anomalies may cause stridor. The central nervous system: A follow-up series of 80 infants with stridor (Apley 1953) included 2 with meningomyelocele who died in early life. It included also 19 who proved to be mentally retarded (3 with Down's syndrome and 2 with spasticity). Long-continued assessment, of the whole child, may be essential to establish cerebral disorders which are associated with and may cause stridor.
Tetany: The high-pitched crowing sound of laryngospasm due to tetany may be diagnosed as laryngeal stridor. The mistake is most likely in tetany of the newborn but it may be made also in older children with increased neuromuscular instability, provoked by a decrease of serum calcium or a state of alkalosis, whether due to cmliac disease, rickets, hypoparathyroidism, renal failure or hyperventilation.
Congenital heart disease: In 7 of 80 cases of infantile stridor there was a congenital cardiac malformation. In one of these the left vocal cord was paralysed and the heart was grossly enlarged; the stridor was considered to be caused by pressure on the recurrent laryngeal nerve. In the remaining 6 cases the heart was not large and the cords were normal: in these, the cardiac malformation and stridor were considered to be associated rather than cause and effect.
Miscellaneous: To illustrate further the broad approach I mention two observations: (1) Stridor may be familial, and 14 siblings from 5 families in my series were affected. (2) Stridor is nearly twice as common in boys as in girls. The fact that the boys tend to be overweight at birth is unexplained but is evidence against the notion that in laryngeal stridor the epiglottis and larynx are 'immature'.
Management
Whatever the cause, many infants with stridor have feeding difficulties for which the expertise of the piediatrician may be necessary, as also with the considerable proportion of children with stridor who suffer from repeated pulmonary infections. I have previously drawn attention to the danger of death when a child with the optimistic label of 'benign laryngeal stridor' acquires an upper respiratory infection: in the series reported some at least of the deaths from superimposed respiratory infection (8 of 11 cases) might have been prevented; my practice is to admit to hospital any small child with stridor who gets a respiratory infection. Table 1 gives an idea of the variety of conditions seen and their frequency. Many of the rarer cases in this list present several points of interest but, in a short paper, I must limit myself to discussing congenital laryngeal webs.
Review ofthe Literature Up to the middle of the nineteenth century all these webs were found at post-mortem. Zurhelle, in 1869, was probably the first to report a case diagnosed by indirect laryngoscopyin a child of 11 years. McHugh & Loch (1942) found 133 cases in the literature, 100 at cord level, 10 sub- Table 1 Conditions seen in 204 laryngoscopies (1954- glottic and 7 complete atresia. Holinger and his co-workers reported their vast experience in 1954; out of 379 congenital anomalies of the larynx they found 19 webs, 13 at cord level, 3 supraglottic and one complete atresia. In addition, Holinger had 34 cases of subglottic stenosis, 2 of whom were found, at post-mortem, to have severe obstruction of the cricoid cartilage. No sex preponderance was noted in these 152 webs. In my own 10 cases, 7 were male and 3 female.
Walander (1955) reported on the mechanism of the origin of congenital malformations of the larynx. He states that congenital atresia may extend from the epiglottis downwards as far as the trachea. He also points out that a transparentlooking web may be very deceivingas it can be tough and on occasions even 1 cm thick, a fact which I can confirm; he says that these webs contain connective tissue, muscle fibres and cartilage and that they must therefore be derived from mesodermal elements and are not the result of failure to canalize the fused epithelial structures, as has previously been taught.
Rankin & Mendelson (1956) published an extremely interesting paper on a case of complete subglottic atresia. The patient was the first-born of premature twins and weighed 4j lb. The baby did not cry and she was cyanosed. She was given oxygen with no improvement. However, intra-gastric oxygen was then administered with some benefit and the child, in fact, lived for one hour. At post-mortem a cartilaginous mass was found below the vocal cords. These authors make one very important point: that a newborn baby who does not cry or does not breathebut is yet making vigorous respiratory movementsis not apnoeic as a result of shock or drugs. Such a child has obstruction to the airway and can be kept alive by intragastric oxygen for at least an hourthus giving time for someone with experience to perform tracheostomy.
Associated Congenital Anomalies and Family History ofSuch Defects
In reading through the literature on congenital laryngeal webs it is interesting to note how many of these patients have other congenital abnormalities. In the 133 cases reviewed by McHugh & Loch there were 15 associated with other defects, i.e. over 11 %. These lesions affected the genital or renal organs, the palate or lip, eyes, toes or feet, or anus.
Amongst my own 10 cases, one had accessory auricles, an accessory right thumb and a right coloboma of the iris. A second had talipes and a saddle-shaped nose. A third had a heemangioma in the region of the angle of the left scapula and a sibling had a squint. A fourth had complete hare lip and cleft palate and slight dislocation of the hip. A fifth had two deformed and useless thumbs which were joined to the hand by a sleeve of soft tissue; in this family there were, in the past, a mongol and one child with congenital idiopathic nystagmus. A sixth had an absent middle lobe of the right lung. A seventh is mentally retarded, though this may be due to long periods of cyanosis in his early days; this patient's mother, however, had a hare lip. The eighth had a squintas had his mother also. If we exclude the patient with mental retardation (since its origin is dubious) and also the child with the squint, we are left with 6 patients out of 10 who have indisputable additional maldevelopments. In the family histories of these patients, 2 had records of major defectshare lip and mongolismand 2 had minor defects of squints.
Size and Position ofthe Webs
Four of these webs have been smalloccupying the anterior one-third of the larynxand will not, I think, require any treatment. Fig 1 shows such a case. I have been interested in noting how the colour of these webs varies from case to case. This particular one is pale pink.
Two webs have filled in the anterior of the larynx as far back as the mid-point of the vocal example of this type and this web is pink and fleshy. Since the laryngeal airway is triangular in shape, a web which extends half way along the cords does not impede the airway by more than about a fifth. (In an isosceles triangle the area occupied from the tip-to the midpoint of the sides is one-quarter of the total area and, in a larynx, we have additional space in the inter-arytenoid region.) Nevertheless the second patient with this size of web died. She had developed the gross funnel chest deformity which is often associated with impairment of the laryngeal airway. This shows well in Fig 3. She had stridor from birth and frequent attacks of bronchitis and pneumonia. Tracheostomy was performed at the age of 8 months. The secretions from the bronchial tree became very thick and tenacious. Frequent suction and the use of an aerosol to lower the surface tension of the sputum failed to keep the airway patent and the baby died of asphyxia. The remaining four webs have been larger. They have occupied the full length of the true cords but, where the posterior edge has had the usual crescentic line which is concave towards the interarytenoid area, this has been of great advantage, since it increases the available airway. The position in one of these 4 patients is shown in Fig 4. This is a bluish-grey web. In a second child the posterior margin had a triangular indentation and the web was fairly thin. It was quite easily divided via the laryngoscope (the child had already had a tracheostomy) but a millimetre or two below this web there was another, very tough, layer; Fig 5 shows this arrangement: the membranous structures here were white; the artist has shown the indentation of the superficial layer, the deeper web and also a growth upwardsto the left of the midlinewhich developed between the ages of 2 and 5 years. In the remaining two children with large webs, the appearance was quite different. The membrane filled the whole area of the glottis but was perforated. In one, the perforation was small and circular and in the posterior part of a white web (Fig 6) . In the other, the perforation was larger and in the midportion of a fleshy web (Fig 7) .
In the 10 patients, one web was at the level of the cords and 6 were subglotticvarying from 2 to 12 mm below the cords.
The Interpretation ofthe Laryngoscopic Picture
In 5 of my patients, when the laryngoscope was first introduced an apparently normal larynx was seen, both cords being distinct and mobile. However, as the laryngoscope was advanced and a little tension was put on the structures, the web became visible. This is to be expected in webs which are fairly deep to, the cords but in 2 of these cases the deceptive appearance was due to the fact that the web folded downwardsas an antero- In one report which I read, the webs are said to fold upwards at timesto give the appearance of a tumour (Jackson 1915) .
Two of my patients were examined before I saw themone was diagnosed as 'bluish subglottic (edema' and the other as having 'collapsed tracheal walls'.
Illustrative Cases Case 1 R H, male
The baby who had the small, circular perforation in a complete web ( Fig 6) was first seen at the age of 3j months and is now aged 20 years. At birth he never cried and he was so cyanosed that his mother described his colour as that of a bilberry. He was born in a nursing home and the nurses had to 'attend to him' every five minutes or so as he became cyanosed. The general practitioner was worried about the failure to cry and, in an attempt to stimulate him, he circumcised the baby, but even this failed to produce a cry. During his first two years he had frequent attacks of bronchitis and his colour was often poor -'powder blue' to use his mother's words.
When I first saw him, the web and cords formed a continuous sheetthe web being the same colour as the cords. For some years I was able to dilate the hole in the web and give him an airway which was just adequate. The voice was a high-pitched squeak. When he was 6 years old his vocal cords first became recognizable, but only in their middle halves. The anterior and posterior quarters still merged imperceptibly with the web. When the child was 8 1 carried out laryngofissure and divided the web, placing a solid rubber mould in the larynx as recommended by Chevalier Jackson (1936) . The mould was changed at intervals and the vocal cords were noted to move normally. In five months the larynx looked very satisfactory but I was apprehensive about the after-effects of the. core mould and decided to leave the smallest mould in position to see whether there would be any 7-5 1 7
Fig 8 Case 2 Post-mortem specimen of larynx viewed from behind. The tantalum sheet is seen anchored in position. The gross thickening of the cricoid cartilage is well shown unfavourable reaction once the steady pressure of the largest mould was removed; there was, in fact, no trouble and a month later I removed the mould altogether. In dividing the web the cut had not been in the midline for the whole lengthit had veered slightly to the right anteriorly, thus giving an angled appearance and resulting in rather longer cords; the effect of this was that the boy had a deep, man's voice, of which he himself was very proud. He was then able to indulge in games and led a thoroughly normal life physically but is slow mentally.
Case 2 C L, female This patient had a long history of stridor and recurring chest infections requiring periods in hospital in an oxygen tent. I saw her when she was 2 years old, when she had the triangular indentation posteriorlyin a thin weband also a deeper, tough membrane (Fig 5) . The airway was not considered adequate and tracheostomy was carried out. In a few weeks the larynx was examined in more detail. There was a small opening posteriorly and an endotracheal tube was passed and left in situ for an hour or two. This procedure was repeated on a few occasions, increasing the size of the tubes used; insufficient dilatation was achieved and it was decided to wait until the child was about 5 years old and then carry out laryngofissure.
However, during this waiting period I saw a child who had had McNaught's operation (McNaught 1950) It was intended to leave the tantalum in position for about six months. The child seemed perfectly comfortable the day after operation and took a normal diet. The larynx was examined one week later and the tantalum was found to be in a satisfactory position. During the following week we tried to put the pilot into the tracheostomy tube but she would not tolerate this for more than a few seconds; this was a little surprising but, as the child had had a tracheostomy for three years, we thought we might have some difficulty in weaning her from it.
Three weeks after operation, the child was found lying on her bed, collapsed, with the tracheostomy tube out. The nurse replaced the tube, did mouth-totube respiration until the house surgeon arrived when external cardiac massage was started but the child never responded. Five minutes previously she had been playing happily round the tea table.
At post-mortem it was discovered that the cricoid ring was completely filled with tough, white tissue. Fig 8 shows the larynx and trachea: unfortunately the specimen was not photographed until it had been in formalin for some time; it has therefore lost its colour and become too firm to allow demonstration of all its features. It shows the tantalum in position and the mound of tissue which developed on the superior surface of the web during the period between the tracheostomy at 2 years and the McNaught operation at 5 years. It also shows the solid, white tissue in the lumen of the cricoid. Histologically this is extremely interesting, as the inner wall of the cricoid. has cartilaginous projections passing into and merging with the dense fibrous mass (Fig 9) ; here and there amongst the acellular fibrous tissue there are several other strands of cartilage. The cartilaginous projections were not confined to the inner aspect of the cricoid ring. The outer surface was rough to the touch at operation and there was a large, triangular extension from the upper border of the cricoid which occupied the area where I expected to find the cricothyroid membrane, which is the essential landmark because one introduces the knife through this struc-..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.... ....:. ture in order to divide the web. The tip of this triangular cartilaginous extension appeared to be fused to the inner aspect of the lower border of the thyroid cartilage in the midline. Eventually, when I was sure that the roughened ring was, in fact, the cricoid, I cut through the triangular extension just below the lower border of the thyroid and divided the web in the McNaught manner.
This lesion of the cricoid was unexpected. Obviously the child was not born with an obstructed cricoid, since she lived for two years without a tracheostomy.
She may, on the other hand, have had some narrowing of its lumen and the lesion may have been a progressive one.
Case 3 L H, male
This patient is ready for operation on his web which is fleshy and subglottic, filling in the whole area from anterior to posterior but having an oval opening in its mid portion (Fig 7) . He had stridor from birth and suffered from three attacks of pneumonia before the age of 17 months; he now gets dyspnceic when playing games but has never been cyanosed. As the result of experience with Case 2 I arranged for a lateral softtissue X-ray of the neck (Fig 10) , which shows some haziness below the vocal cords and an opacity projecting inwards from the anterior wall. Tomograms were therefore taken (Fig 11) in which considerable subglottic narrowing can be seen, increasing to a maximum at the cricoid level after which the airway opens out again in the trachea. In fact, the size of the The trachea is ofnormal width lumen of the cricoid, as revealed by these pictures and as calculated by the radiologists, would appear to be less than the size of the hole in the web, which takes a 4-5 endotracheal tube which has an outside measurement of 6 mm. The subglottic area at its narrowest point appears to be only 2-4 mm; therefore division of this web is not going to improve the child's airway. In view of this finding I have postponed operation for the moment and intend to repeat the tomograms later to see whether the situation improves or worsens.
My experience in this field has been limited so far to 10 patients, these being all the cases found over a period of ten years at two Children's Hospitals serving a very large and populous area.
The condition is, indeed, a rare oneand it is clearly most important that all cases should be fully reported so that our collective experience will eventually be sufficient to indicate the correct management of this complex problem.
